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Abstract
We continue a previous study of the MSSM Higgs Lagrangian extended by all effective
operators of dimension d = 6 that can be present beyond the MSSM, consistent with its
symmetries. By supersymmetry, such operators also extend the neutralino and chargino
sectors, and the corresponding component fields Lagrangian is computed onshell. The
corrections to the neutralino and chargino masses, due to these operators, are computed
analytically in function of the MSSM corresponding values. For individual operators, the
corrections are small, of few GeV for the constrained MSSM (CMSSM) viable parameter
space. We investigate the correction to the lightest Higgs mass, which receives, from
individual operators, a supersymmetric correction of up to 4 (6) GeV above the 2-loop
leading-log CMSSM value, from those CMSSM phase space points with: EW fine tuning
∆ < 200, consistent with WMAP relic density (3σ), and for a scale of the operators
of M = 10 (8) TeV, respectively. Applied to the CMSSM point of minimal fine tuning
(∆ = 18), such increase gives an upper limit mh = 120(122) ± 2 GeV, respectively.
The increase of mh from individual operators can be larger (∼ 10 − 30 GeV) for those
CMSSM phase space points with ∆ > 200; these can now be phenomenologically viable,
with reduced ∆, and this includes those points that would have otherwise violated the
LEP2 bound by this value. The neutralino/chargino Lagrangian extended by the effective
operators can be used in studies of dark matter relic density within extensions of the
MSSM, by implementing it in public codes like micrOMEGAs.
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1 Introduction
The physics of the Higgs sector plays a central role in the Standard Model (SM) and its
minimal supersymmetric version (MSSM). Its discovery would clarify the (electroweak (EW))
gauge symmetry breaking mechanism. In the supersymmetric case it could also provide an
insight into the dark matter problem, due to its link with the MSSM neutralino sector (hig-
gsinos/gauginos), whose LSP is a dark matter candidate. Higgs physics can then be related to
both small and large scale physics for which EW and dark matter constraints can be relevant.
The Higgs sector of the MSSM is the minimal that can be constructed in a supersymmetric
context. Its EW vev triggered by radiative EW symmetry breaking is strongly related by
quantum corrections to the scale of supersymmetry breaking and the mass of superpartners.
No discovery of light superpartners will indicate a fine tuning [1, 2] of the EW scale in
the MSSM to levels phenomenologically unacceptable and will question supersymmetry as
a solution to the hierarchy problem. In constrained MSSM (CMSSM) at 2-loop leading-log
(LL), a Higgs of mass of 120 GeV would mean an EW fine tuning ∆ = 100 (i.e. 1 part in 100)
[3]. Due to quantum corrections (largely QCD ones), ∆ grows exponentially, so for mh = 126
GeV, the fine tuning worsens and becomes ∆ = 1000. Interestingly enough, a minimization
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of ∆ at 2-loop, with all theoretical and experimental constraints, except the LEP2 bound
[4] on mh and the WMAP result [5], predicts a value for mh just above the LEP2 bound,
mh = 114±2 GeV with an acceptable fine tuning, ∆ = 9 [3]. This is only mildly changed
when one imposes a saturation of dark matter relic density within 3σ, to mh = 115.9 ± 2
GeV, for a fine tuning ∆ = 18, still an acceptable value. The question remains though if
such results for mh are stable under corrections from new physics that may be missed by the
otherwise minimal construction of the MSSM higgs sector. It is also interesting to investigate
what happens if mh is not found experimentally near the value predicted by minimal ∆ shown
above. Can one still have a low fine tuning for mh above these values? In other words, a large
amount of fine tuning that we mentioned for mh > 120 GeV may be taken to indicate that
the Higgs sector Lagrangian is not complete, and that new physics beyond this sector can
exist, so that its effects could reduce ∆ to acceptable values even for mh> 120 GeV (for an
example see [6]). If possible, such new physics can be described, in a model independent way,
by higher dimensional operators. These operators respect all the symmetries of the MSSM.
For practical purposes one can consider operators of dimensions d = 5 and d = 6, and this
paper is a continuation of the work in this direction, started in [7]. For studies of effective
operators of d = 6 in the MSSM Higgs sector see [8, 7] and [9]-[23] for studies of effective
operators in a related context.
There is only one gauge invariant effective supersymmetric operator of d = 5 beyond the
MSSM Higgs sector that can depend on Higgs and gauge fields only, but the number of similar
d = 6 operators, is much larger and their analysis is difficult. Ignoring the d = 5 operator,
the d = 6 operators could indicate that the MSSM Higgs, and, by supersymmetry, neutralino
sector, are stable under ”new physics” corrections, since these are strongly suppressed, by
∼ 1/M2 (M is the scale of new physics). One would like to clarify if this is true. However,
the extra scale suppression of d = 6 operators (relative to d = 5 ones) can be compensated
by a large tan β, and then the d = 5 and d = 6 operators can have comparable effects. There
are stronger motivations to consider d = 6 operators. New physics beyond MSSM Higgs and
neutralino sectors can arise, in the leading order, as a d = 6 operator, without any d = 5 one.
For example, integrating a massive U(1)′ gauge boson generates a d=6 operator in the leading
order, but no d = 5 one. The convergence of the expansion in 1/M is another motivation for
studying both d=5 and d=6 operators, if they are generated by the same physics.
For the effective operators expansion to work the scale of new physics should be high
enough, to avoid current experimental constraints. Usually EW constraints (ρ parameter)
indicate a value M∼8 TeV or larger [14]. The expansion parameter m˜/M , for d=5 case, and
(m˜/M)2 for d=6 case, where m˜ is any low scale of the model (EW vev, µ parameter, m0: Susy
breaking scale, m1,2 gaugino masses) should be less than unity. If this is not true, the effective
approach is unreliable, and unintegrated states (that generated the effective operators) should
be used instead.
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The coefficients of the effective operators can also be constrained, in a global fit of MSSM
plus effective operators, by dark matter experiments, due to their implications for the neu-
tralino sector whose LSP is a dark matter candidate. This can be translated in constraints
on the corrections to the Higgs mass. Therefore, the overlap of complementary EW and dark
matter constraints on new physics would be welcome for model building. As a first step in
this direction, in this work we compute in component fields, for the first time, the most gen-
eral extension of the MSSM Lagrangian in the neutralino and chargino sectors extended by
all allowed d = 5 and d = 6 effective operators. This is related, by supersymmetry, to the
corresponding MSSM Higgs Lagrangian with such effective operators, computed in [7].
We then calculate (analytically) the corrections to the neutralino and chargino masses, in
the leading order, 1/M2, in function of the MSSM corresponding values. It turns out that the
supersymmetric mass corrections to the LSP from individual operators of d = 6 are in general
small, of few GeV and less than 1−2% for a scaleM = 5 to 8 TeV, and as a result, the same is
true about the change of the LSP composition relative to the MSSM case. This can change in
cases when all operators of a given order are present simultaneously, and then their combined
effect is enhanced. To avoid ambiguities we keep the coefficients of all effective operators as
independent, so that one can turn on/off some of them, depending on the details of the model
considered. The neutralino Lagrangian extended by effective operators is useful in studying
the dark matter relic density in MSSM extensions, by implementing it in micrOMEGAs [24].
We also perform a careful investigation of the size of corrections to the mass mh of the
lightest MSSM Higgs field, due to effective operators. In [7] analytical formulae for these
corrections were obtained, in 1/M2 order, followed by a simple numerical estimate in a very
special case and under simplifying assumptions. Here we improve this numerical study by
performing a general and accurate numerical analysis of the corrections to mh, analyzed
separately for individual operators and including quantum corrections, not considered before.
We do so by considering the CMSSM phase space points that respect current theoretical and
experimental constraints, both electroweak and dark matter ones (except the LEP2 bound
on mh that is not imposed), and treat the effective operators corrections as a perturbation
on this ”background”. We show that the CMSSM points with smallest fine tuning (∆<200)
are rather stable under (Susy) corrections from the effective operators. The correction to the
2-loop leading-log CMSSM Higgs mass mh, due to individual operators of d=6, is found to
be in the region of up to: 4 GeV (6 GeV) for a scale of new physics near 10 TeV (8 TeV),
respectively. With the above remarks on neutralino sector, we could expect that their dark
matter relic density is unlikely to be affected, but a more careful analysis is needed for this.
Regarding CMSSM phase space points with large EW fine tuning ∆>200, they give a larger
increase (∼10−30 GeV) of mh, especially for those mh otherwise under the LEP2 bound (i.e.
ruled out in CMSSM), so that the corrected value of mh can be brought above this bound.
For some but not all operators, this value is still close to 120 GeV. Therefore points ruled out
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in the CMSSM by the LEP2 bound or by large EW ∆, can become viable phenomenologically
and their EW fine tuning will be reduced, once mh received a significant classical correction.
The plan of the paper is as follows. Section 2 and 3 compute the onshell total Lagrangian,
of the MSSM Higgs, neutralino and chargino sectors, extended by effective operators. Section 4
presents the mass corrections to these fields, with phenomenological results given in Section 5.
2 The Lagrangian of the model.
To begin with, consider the MSSM Higgs sector Lagrangian plus all independent operators
of dimensions d = 5 and d = 6 that are allowed in this sector by the MSSM symmetries.
In this section we compute this extended Lagrangian in component fields, in 1/M2 order.
Such effective operators parametrize in a model independent way whatever new physics may
exist in this sector, above M ∼ few TeV. All operators are considered here with independent
coefficients. The Lagrangian is then
L =
∫
d2θ
∑
i=1,2
zi(S, S
†)H†i e
ViHi +
{∫
d2θ µ(1 +B0m0θθ) H1.H2 + h.c.
}
+K0 +
8∑
j=1
Oj (1)
where zi(S, S
†) = 1 − ciSS†, S = m0θθ, i = 1, 2 account for Susy breaking in the MSSM
Higgs sector, m0 is the Susy breaking scale, given by m0 = 〈Fhidden〉/MP lanck. K0 is the
only dimension-five operator present up to non-linear field redefinitions [9], while Oi are d=6
operators. Further:
K0 = 1
M
∫
d2θ ζ(S) (H2.H1)
2+h.c. (2)
= ζ10
[
2 (h2.h1)(h2.F1 + F2.h1 − ψ2.ψ1)−(h2.ψ1 + ψ2.h1)2
]
+ζ11m0 (h2.h1)
2+h.c.
where Hi ≡ (hi, ψi, Fi), h1.h2 = h01h02−h−1 h+2 , (1/M) ζ(S) ≡ ζ10+ζ11m0θθ, so ζ10, ζ11 ∼ 1/M .
For the conventions used see Appendix A. The list of d = 6 operators is [7, 8] (also [11])
Oj = 1
M2
∫
d4θ Zj(S, S†) (H†j eVj Hj)2, j ≡ 1, 2.
O3 = 1
M2
∫
d4θ Z3(S, S†) (H†1 eV1 H1) (H†2 eV2 H2),
O4 = 1
M2
∫
d4θ Z4(S, S†) (H2.H1) (H2.H1)†,
O5 = 1
M2
∫
d4θ Z5(S, S†) (H†1 eV1 H1) H2.H1 + h.c.
O6 = 1
M2
∫
d4θ Z6(S, S†) (H†2 eV2 H2) H2.H1 + h.c.
O7 = 1
M2
∑
s=w,y
1
16g2sκ
∫
d2θ Z7(S, 0) Tr (WαWα)s (H2.H1) + h.c.
O8 = 1
M2
∫
d4θ
[
Z8(S, S†) (H2H1)2 + h.c.
]
(3)
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where Wα = (−1/4)D2e−VDα eV is the chiral field strength of SU(2)L or U(1)Y vector
superfields Vw and Vy respectively. Also V1,2 = V
a
w (σ
a/2)+ (∓1/2)Vy with the upper (minus)
sign for V1. The expressions of these operators in component form are given in Appendix A.
The coefficients Z are given by
(1/M2) Zi(S, S†) = αi0 + αi1m0 θθ + α∗i1m0 θθ + αi2m20 θθθθ, where αij ∼ 1/M2 (4)
with αij numerical coefficients, assumed independent; αj0, αj2 with j = 1, 2, 3, 4 are real.
The above equations show only the operators polynomial in fields. There are also deriva-
tive operators [7] which can be eliminated in the low energy effective theory limit, via gen-
eral non-linear field redefinitions or via equations of motion [7, 9, 10]. For details how
to eliminate these operators see [9, 10]. To give only two examples of such operators,
that can be eliminated, consider the D-term (H†1e
VD
2
e−VD2eVH1) ∼ (H†1✷H1) and the
F-term Tr (eV Wα e−VD2(eVWαe−V )) ∼ Tr (Wα✷Wα) where W is the supersymmetric field
strength2. Such operators can be eliminated up to redefinition of the soft masses, wavefunction
renormalization and µ-term redefinition.
After eliminating the auxiliary fields in L, one finds the onshell Lagrangian, which is
L = LD + LF + L1 + L2 + L3 + L4 + LSSB (5)
Eliminating the D-dependent terms in L one finds, with the notations in Appendix A, see
eqs.(A-15) to (A-17), and vector superfields notation Vs = (λs, Vs µ,D
a
s/2), s = y,w:
LD =
∑
s=y,w
− (1/2) DasDas
[
1 + 1/2 (αs70 h2.h1 + h.c.)
]
=
{
− g
2
2
8
(|h1|2−|h2|2)
×
[(
1 + 2ρ˜1,w +
1
2
(αw70h2.h1 + h.c.)
) |h1|2 − (1 + 2ρ˜2,w + (1/2)(αw70 h2.h1 + h.c.))|h2|2]
− (g2 → g1;αw70 → αy70; ρ˜j,w → ρ˜j,y)
}
− g
2
2
2
[
1+ρ˜1,w+ρ˜2,w+(1/2)(α
w
70 h2.h1+h.c.)
]|h†1h2|2
+ g2/(2
√
2)
[
h†1T
ah1 + h
†
2T
ah2
][
αw70 (h2.ψ1 + ψ2.h1)λ
a
w + h.c.
]
+ g1/(2
√
2)
(
h†1
−1
2
h1 + h
†
2
1
2
h2
)[
αy70 (h2.ψ1 + ψ2.h1)λy + h.c.
]
(6)
Here h1.ψ2 = −ψ2.h1 = h01ψ02 − h−1 ψ+2 , |h1|2 = h0∗1 h01 + h−∗1 h−1 , h†1h2 = h0∗1 h+2 + h−∗1 h02, etc.
Eliminating the F -dependent terms in L gives LF below (using notation (A-13), (A-14))
LF = LF,1 + LF,2
−LF,1 ≡ |F1|2 + |F2|2 = |µ + 2 ζ10 h1.h2|2
(|h1|2 + |h2|2)
+
[
µ
(
|h1|2 ρ21 + |h2|2 ρ11+ (h1.h2)† (ρ22 + ρ12)+ (ψ1.h2)† ρ13+ (h1.ψ2)† ρ23
)
+h.c.
]
2 These operators are often generated as one-loop counterterms even in simplest orbifold compactifications,
see [25, 26], after integrating the Kaluza-Klein modes and come multiplied by the compactification volume.
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while LF,2 is due to the nontrivial field metric in the Kahler potential:
− LF,2 = |µ|2
[
2
(
α10 + α20 + α40
)|h1|2 |h2|2 + (α30 + α40) (|h1|4 + |h2|4)
+2
(
α10 + α20 + α30
) |h1.h2|2 + (|h1|2 + 2 |h2|2)(α50 h2.h1 + h.c.)
+
(
2|h1|2 + |h2|2
)(
α60 h2.h1 + h.c.
)]
(7)
Apart from auxiliary fields contributions, there are also terms which contain space-time deriva-
tives, that contribute to the kinetic terms for Weyl fermions ψ1,2, λ
a
w,y when the neutral singlet
Higgses h01,2, components of h1,2, acquire a vev:
L1 = α10
[
i ψ1σ
µDµψ1 |h1|2 + i ψ1σµ ψ1(h†1Dµh1)− i (h†1ψ1)σµψ1(Dµ −
←−Dµ)h1 + h.c.
]
+ α20
[
i ψ2σ
µDµψ2 |h2|2 + i ψ2σµ ψ2 (h†2Dµh2)− i (h†2ψ2)σµψ2(Dµ −
←−Dµ)h2 + h.c.
]
+ α30
[
i ψ2σ
µDµψ2 |h1|2 + i ψ1σµ ψ1 (h†2Dµh2)− i (h†1ψ1)σµψ2(Dµ −
←−Dµ)h2 + h.c.
]
(1/2)
+ α30
[
i ψ1σ
µDµψ1 |h2|2 + i ψ2σµ ψ2 (h†1Dµh1)− i (h†2ψ2)σµψ1(Dµ −
←−Dµ)h1 + h.c.
]
(1/2)
+ α40
[
i (ψ1.h2 + h1.ψ2)σ
µ∂µ(ψ1.h2 + h1.ψ2)
† + h.c.
]
(1/2)
+
{
α∗50
[
i h†1Dµψ1 σµ (ψ1.h2 + h1.ψ2)† + i (h2.h1)† ψ1σµDµψ1
]
+ h.c.
}
+
{
α∗60
[
i h†2Dµψ2 σµ (ψ1.h2 + h1.ψ2)† + i (h2.h1)† ψ2σµDµψ2
]
+ h.c.
}
+
{
(1/4)αw70 (h2.h1)
[
i (λawσ
µ∆µλ
a
w −∆µλawσµλaw)
]
+ h.c.+ (w → y)} (8)
When the Higgs fields neutral singlets acquire a vev, these terms bring a wavefunction renor-
malization of Weyl kinetic terms and a threshold correction to gauge couplings g2, g1.
Also, there are terms that contribute to fermions masses, when singlet Higgs fields acquire
a vev (we denote λ1,2 ≡ g2λaw σa+ g1 (∓1)λy , with ”-” for λ1, σa: Pauli matrices, a = 1, 2, 3):
L2 = (α10
√
2)
[− (h†1λ1ψ1)|h1|2 − (h†1ψ1)h†1λ1h1]− α11m0(ψ1h1)(ψ1h1)
+ (α20
√
2)
[− (h†2λ2ψ2)|h2|2 − (h†2ψ2)h†2λ2h2]− α21m0(ψ2h2)(ψ2h2)
+ (α30/
√
2)
[− (h†2λ2ψ2)|h1|2 − (h†1ψ1)h†2λ2h2 + (1↔ 2)]− α∗31m0(h†1ψ1)(h†2ψ2)
+ (α50/
√
2)
[
h†1λ1h1 (ψ1.h2 + h1.ψ2)− (h2.h1)(h†1λ1ψ1 + ψ1λ1h1)
]
+ (α60/
√
2)
[
h†2λ2h2 (ψ1.h2 + h1.ψ2)− (h2.h1)(h†2λ2ψ2 + ψ2λ2h2)
]
− m0 (α∗51|h1|2 + α∗61 |h2|2)ψ2.ψ1 −m0 (α∗51 h†1ψ1 + α∗61 h†2ψ2)(h2.ψ1 + ψ2.h1)
+ (1/4)αw71m0(h2.h1)(λ
a
wλ
a
w) + (1/4)α
y
71m0(h2.h1)(λyλy) + 2α
∗
81m0 (h2.h1) (−ψ2.ψ1)
+ α41m0 (h2.h1) (−ψ2.ψ1)† + ζ10
[
2 (h2.h1)(−ψ2.ψ1)− (h2.ψ1 + ψ2.h1)2
]
+ h.c. (9)
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Further, there are some interaction terms
L3 = −α10 (ψ1ψ1)(ψ1ψ1)− α20 (ψ2ψ2)(ψ2ψ2)− α30 (ψ1ψ1)(ψ2ψ2) + α40(ψ2.ψ1)†(ψ2.ψ1)
+
{
(1/4)αw70
[
(−1/2) (h2.h1) (F a µνw F aw µν + (i/2) ǫµνρσF aw µνF aw ρσ)
−
√
2 (h2.ψ1 + ψ2.h1)σ
µνλawF
a
w,µν − ψ2.ψ1 λawλaw
]
+ (w → y) + h.c.
}
(10)
with (ψ1ψ1)(ψ2ψ2) = (ψ
0
1ψ
0
1+ψ
−
1 ψ
−
1 )(ψ
0
2ψ
0
2+ψ
+
2 ψ
+
2 ), etc, where spinor indices are not shown.
Also, there are h1,2 dependent terms that contain space-time derivatives, which contribute
to the kinetic terms in the Higgs sector, when the singlet Higgs fields acquire a vev:
L4 = 2α10
[|h1|2 |Dµh1|2 + |h†1Dµh1|2]+ 2α20 [|h2|2 |Dµh2|2 + |h†2Dµh2|2]
+ α30
[|h1|2 |Dµh2|2+(h†1Dµh1)(h†2←−Dµh2)+(1↔ 2)]+ α40 |∂µ(h2.h1)|2
+
{
α50
[ |Dµh1|2 (h2.h1) + (h†1←−Dµh1) ∂µ(h2.h1)]+ h.c.}
+
{
α60
[ |Dµh2|2 (h2.h1) + (h†2←−Dµh2) ∂µ(h2.h1)]+ h.c.} (11)
Finally, the Lagrangian contains (F and D-independent) corrections due to supersymmetry
breaking, i.e. terms proportional to m0, due to spurion dependence in the higher dimensional
operators (of dimensions d = 5 and d = 6) as well as the usual soft terms of the MSSM. All
these together give a final contribution to the Lagrangian:
LSSB = −VSSB = m20
[
α12 |h1|4 + α22 |h2|4 + α32 |h1|2 |h2|2 + α42 |h2.h1|2 (12)
+
(
α52 |h1|2 (h2.h1) + h.c.
)
+
(
α62 |h2|2 (h2.h1) + h.c.
)]
+
[
m20 α82 (h1.h2)
2 + ζ11m0 (h2.h1)
2 + µB0m0 (h1.h2)+h.c.
]
−m20 (c1|h1|2 +c2|h2|2)
This concludes the presentation of the full Lagrangian, in 1/M2 order. Additional transforma-
tions (fields redefinitions or eqs of motion) can be used to eliminate the non-diagonal kinetic
terms of fermions and scalars, to obtain a canonical form.
3 The neutralino and chargino Lagrangian.
From the total Lagrangian of the previous section one can obtain the Lagrangian of the
neutralino and chargino sectors. Since the result is long, its detailed form in component fields
is provided in Appendix B. In this section we extract from this Lagrangian only the terms
that contribute to neutralino masses and their kinetic terms (hereafter δLD,F,2,1). These terms
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originate from LD, LF,1, L2, L1 of previous section and are present in addition to the MSSM
original terms. These are detailed below (in component, gauge-singlet fields notation):
δLD = − 1
4
√
2
(|h01|2 − |h02|2)(g2λ3wαw70 − g1λyαy70)(h02ψ01 + ψ02h01)+ h.c. (13)
together with
− δLF,1 = −µ
4
(|h01|2 + |h02|2)(αw70λ3wλ3w + αy70 λyλy)+ µψ01ψ01 (−2α10 h0∗1 h02 + α50h0 22 )
+ ψ01ψ
0
2
[− (µα40 + µα30)(|h01|2 + |h02|2) + (α50 + α60) (µ + µ)h01h02 ]
+ µψ02ψ
0
2(−2α20 h01h0∗2 + α60h021 ) + h.c. (14)
and
δL2 = (g2λ3w − g1λy)(δ1ψ01 + δ2ψ02) + δ3 ψ01ψ01 + δ4 ψ01ψ02 + δ5 ψ02ψ02
− 1
4
m0h
0
1h
0
2
(
αw71λ
3
wλ
3
w + α
y
71λyλy
)
+ h.c. (15)
where we introduced the notation:
δ1 = −2
√
2α10 |h01|2 h0∗1 +
√
2α50 |h01|2 h02 + (α∗50/
√
2)h0 ∗ 21 h
0 ∗
2 − (α60/
√
2) |h02|2 h02
δ2 = 2
√
2α20 |h02|2 h0∗2 −
√
2α60 |h02|2 h01 − (α∗60/
√
2)h0∗1 h
0∗ 2
2 + (α50/
√
2) |h01|2 h01
δ3 = −α∗11m0h0∗ 21 +m0α∗51 h0∗1 h02 − ζ10 h0 22
δ4 = 2m0(α
∗
51|h01|2 + α∗61|h02|2)− α∗31m0 h0∗1 h0∗2 − 2α∗81m0h01 h02 − α∗41m0h0∗1 h0∗2 − 4ζ10 h01 h02
δ5 = −α∗21m0h0∗ 22 +m0 α∗61 h01h0∗2 − ζ10 h0 21 (16)
L1 and L4 contain non-canonical, non-diagonal kinetic terms for neutralinos/charginos and
neutral higgses, respectively, and these have to be carefully considered. The terms in L1 that
generate non-canonical kinetic terms for neutralinos, are denoted δL1 and are
δL1 = i ψ01σµ∂µψ01 ν1 + i ψ02σµ∂µψ02 ν2 + i ψ01σµ∂µψ02 ν3 + i ψ02σµ∂µψ01 ν4
+
i
2
(
λ3wσ
µ∂µλ
3
w − ∂µλ
3
wσ
µλ3w
)
νw5 +
i
2
(
λyσ
µ∂µλy − ∂µλyσµλy
)
νy5 + h.c. (17)
with
ν1 = 2α10 |h01|2 + (1/2)α30 |h02|2 + (1/2)α40 |h02|2 − 2h0∗1 h0∗2 α∗50
ν2 = 2α20 |h02|2 + (1/2)α30 |h01|2 + (1/2)α40 |h01|2 − 2h0∗1 h0∗2 α∗60
ν3 = (1/2)α30 h
0
1 h
0∗
2 + (1/2)α40 h
0
1 h
0∗
2 − α∗60 h0 ∗ 22
ν4 = (1/2)α30 h
0
2 h
0∗
1 + (1/2)α40 h
0
2 h
0∗
1 − α∗50 h0 ∗ 21
νw5 = −(1/2)αw70 h01 h02, νy5 = −(1/2)αy70 h01 h02 (18)
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For our purposes it is useful to re-write this as
δL1 = i
2
ν11∗ ψ01σ
µ∂µψ
0
1 +
i
2
ν22∗ ψ02σ
µ∂µψ
0
2 + i ν43∗ ψ
0
2σ
µ∂µψ
0
1
+
i
2
νw55∗ λ
3
wσ
µ∂µλ
3
w +
i
2
νy55∗ λyσ
µ∂µλy + h.c. + S
µ
i ∂µνi (19)
Sµi is a function of fields, not specified here, and its contribution is vanishing if νi is a constant,
which is indeed the case when the Higgs fields acquire a vev. Also we introduced:
νij∗ ≡ νi + ν∗j (20)
Adding together (13) to (19) and the original MSSM neutralino/chargino terms (δLmssm) we
finally have the following part of the neutralino Lagrangian needed for the mass spectrum
(that is, without interacting terms, given in Appendix B):
Lχ = δLD + δLF,1 + δL1 + δL2 + δLmssm
= δLD + δLF,1 + δL2
+
{ i
2
(1 + ν˜11∗)ψ01σ
µ∂µψ
0
1 +
i
2
(1 + ν˜22∗)ψ02σ
µ∂µψ
0
2 + i ν˜43∗ ψ
0
2σ
µ∂µψ
0
1
+
i
2
(1 + ν˜w55∗)λ
3
wσ
µ∂µλ
3
w +
i
2
(1 + ν˜y55∗)λyσ
µ∂µλy − 1√
2
(g2λ
3
w − g1λy)(h0∗1 ψ01 − h0∗2 ψ02)
− 1
2
m2 λ
3
wλ
3
w −
1
2
m1λyλy − µψ01ψ02 + h.c.
}
(21)
where ν˜ij∗ are the values of νij∗ when the neutral Higgses acquire a vev:
ν˜ij∗ ≡ νij∗
∣∣∣
h0i→vi/
√
2
(22)
To remove the off-diagonal kinetic terms in Lχ, we perform a field redefinition3:
λy = (1− ν˜y55∗/2)λ
′′
y , λ
3
w = (1− ν˜w55∗/2)λ3
′′
w
ψ01 = (1− ν˜11∗/2) ψ0
′′
1 − (ν˜34∗/2) ψ0
′′
2
ψ02 = (−ν˜43∗/2) ψ0
′′
1 + (1− ν˜22∗/2)ψ0
′′
2 (23)
which only changes the MSSM part of the Lagrangian Lχ, (ignoring corrections higher than
1/M2). In the new basis (double primed) Lχ has canonical kinetic terms, but it is not yet
3The off-diagonal kinetic terms can also be removed by a unitary transformation followed by a (non-unitary)
rescaling of the Weyl fermions. However, the field redefinitions used below provide a simpler form for the final
result, as they only affect the MSSM part of L, while the unitary transformation (that turns out to be M -
independent) also acts on the rest of the Lagrangian, which results in more complicated final expressions. The
two approaches are equivalent, the eigenvalue problem is not changed.
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in the form needed to compute the neutralino masses. This is because there also are non-
standard Higgs kinetic terms that must be brought to canonical form; adding the MSSM higgs
kinetic part, hereafter denoted LMSSMkt , then these terms are [7]
L4 + LMSSMkt ⊃ (δij∗ + gij∗) ∂µ h0i ∂µh0∗j , i, j = 1, 2. (24)
where the field dependent metric is:
g11∗ = 4α10 |h01|2 + (α30 + α40) |h02|2 − 2 (α50 h01 h02 + h.c.)
g12∗ = (α30 + α40)h
0∗
1 h
0
2 − α∗50 h0∗21 − α60 h0 22 , g21∗ = g∗12∗
g22∗ = 4α20 |h02|2 + (α30 + α40) |h01|2 − 2 (α60 h01 h02 + h.c.) (25)
The metric gij∗ is expanded about a background value 〈h0i 〉 = vi/
√
2, then v-dependent
contributions to higgs kinetic terms are generated (plus higher dimensional interactions for
higgs, involving 2 derivatives). Higgs field re-definitions can be performed to obtain canonical
kinetic terms for neutral higgs sector; these bring further corrections to the scalar potential
[7] but also shift the pure MSSM part of Lχ to generate extra 1/M2 corrections. The field
re-definitions are then [7]
h01 → h01
(
1− g˜11∗
2
)
− g˜21∗
2
h02
h02 → h02
(
1− g˜22∗
2
)
− g˜12∗
2
h01, where g˜ij∗ ≡ gij∗
∣∣∣
h0i→vi/
√
2
(26)
where g˜ij∗ are constants defined above. This higgs field redefinition is applied to Lχ in the
doubled-primed basis. The result of applying (23), (26) to (21) is then, after removing the
double-primed superscripts:
Lχ = δLD + δLF,1 + δL2
+
{ i
2
ψ01σ
µ∂µψ
0
1 +
i
2
ψ02σ
µ∂µψ
0
2 +
i
2
λ3wσ
µ∂µλ
3
w +
i
2
λyσ
µ∂µλy
+
µ
2
[
(−2 + ν˜11∗ + ν˜22∗) ψ01ψ02 + ν˜3∗4 ψ01ψ01 + ν˜34∗ ψ02ψ02
]
+
g2
2
√
2
λ3w
[
h0 ∗1
[
ψ02 (ν˜34∗ − g˜21∗) + ψ01 (−2 + ν˜11∗ + g˜11∗ + ν˜w55∗)
]
− h0 ∗2
[
ψ01 (ν˜3∗4 − g˜12∗) + ψ02 (−2 + g˜22∗ + ν˜22∗ + ν˜w55∗)
]]− (w → y, g2 → g1)
− m1
2
(1− ν˜y55∗)λyλy −
m2
2
(1− ν˜w55∗)λ3wλ3w + h.c.
}
(27)
This is the canonical Lagrangian in the neutralino sector that contains the mass and kinetic
terms. The interaction terms O(1/M2) can be found in Appendix B; they are not affected
by the above higgs and gaugino/higgsino redefinitions since the difference is of order higher
than 1/M2. Thus, they can be simply added to the above Lχ. The full Lagrangian can be
implemented in micrOMEGAs, to analyze the impact of Oi, K0 on dark matter searches.
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4 The spectrum of the Lagrangian.
4.1 Corrections to neutralino masses.
Using Lχ of the last equation in the previous section, we compute in this section the mass
corrections to the neutralino fields, induced by all effective operators in 1/M2 order (i.e.
leading order in αij ∼ 1/M2, second order in ζ10 ∼ 1/M). In the basis (λy, λ3w, ψ01 , ψ02)T this
mass matrix is
M11 = m1 + 1
8
[− 2αy70 µ v2 + (αy71m0 + (αy70 + αy∗70) m1) v2 sin 2β ], M12 = 0
M13 = −mZ
32
sin θw
[
− 4 (− 8 + (α30 + α40) v2) cos β + v2 [ 4 (α30 + α40) cos 3β
+ 2 sin β
(
4α∗50 + 4α60 + α
y
70 + α
y ∗
70 + (4α
∗
50 − 4α60 + 3αy70 + αy ∗70 ) cos 2β
)]]
M14 = mZ
32
sin θw
[
32 sin β + 2 v2 cos β
[
4α50 + 4α
∗
60 + α
y
70 + α
y ∗
70
+ cos 2β (4α50 − 4α∗60 − 3αy70 − αy ∗70 )− 4 (α30 + α40) sin 2β
]]
M22 = m2 + 1
8
[− 2αw70 µ v2 + (αw71m0 + (αw70 + αw ∗70 )m2 ) v2 sin 2β ]
M23 = mZ
32
cos θw
[
− 4 (− 8 + (α30 + α40) v2) cos β + v2 [ 4 (α30 + α40) cos 3β
+ 2
(
4α∗50 + 4α60 + α
w
70 + α
w ∗
70 + (4 α
∗
50 − 4α60 + 3αw70 + αw∗70 ) cos 2β
)
sin β
] ]
M24 = mZ
32
cos θw
[
− 32 sin β − 2 v2 cos β [ 4α50 + 4α60 + αw70 + αw ∗70
+ (4α50 − 4α∗60 − 3αw70 − αw∗70 ) cos 2β − 4 (α30 + α40) sin 2β
]]
M33 = 1
4
v2
[
4m0 cos β (α
∗
11 cos β − α∗51 sin β) + 4 ζ10 sin2 β + µ
[
2α50 + α
∗
50 + α60
+ (−2α50 + α∗50 − α60) cos 2β − (4α10 + α30 + α40) sin 2β
]]
M34 = 1
4
[
4µ −
(
2 (α∗51 + α
∗
61)m0 +
(
2α10 + 2α20 + 3 (α30 + α40)
)
µ
)
v2
+ v2
(
2
(− (α∗51 − α∗61)m0 − µ (α10 − α20) ) cos 2β
+
[
(α∗31 + α
∗
41 + 2α
∗
81 ) m0 + (3α50 + α
∗
50 + 3α60 + α
∗
60)µ + 4ζ10
]
sin 2β
)]
M44 = 1
4
v2
[
2α∗21m0 + (α50 + 2α60 + α
∗
60)µ+
[− 2α∗21m0 + (α50 + 2α60 − α∗60)µ] cos 2β
+ 4 ζ10 cos
2 β − [2α∗61m0 + µ (4α20 + α30 + α40) ] sin 2β] (28)
with the remaining matrix elements fixed by the symmetry Mij =Mji.
One can find an eigenvalue (denoted ξ) of this mass matrix in an analytical approach, by
a perturbative method, as an expansion about the corresponding MSSM eigenvalue (ξo). In
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both cases, the eigenvalues satisfy a characteristic equation
γl ξ
l = 0, (a) γ0l (ξo)
l = 0, (b) (29)
with sums understood over the repeated index l = 0, 1, 2, 3, 4. Here (a) refers to the general
case and (b) to the MSSM case. γl are coefficients depending on αij ∼ 1/M2 and ζ10 ∼ 1/M
that are found from the mass matrix above and ξ denotes any of the four mass eigenvalues
in the general case. The values of the MSSM counterparts, γ0l for coefficients and ξo for
corresponding eigenvalue, are recovered from the general ones by setting αij and ζ10 to 0.
Further, any general mass eigenvalue can be written ξ = ξo+ z1+ z2 with z1 ∝ ζ10 = O(1/M)
due to the d = 5 operator, and z2 ∝
∑
k=1,..8
∑
ij αij σkij+β2 ζ
2
10 = O(1/M2), due to all d = 6
operators as well as the d = 5 operator. From these equations, one computes the difference
ξ − ξo by consistently retaining the leading order approximation in eq.(29) (a). One finds
ξ = ξo + z1 − 1
j γ0j (ξo)
j−1
[
γ
(2)
k (ξo)
k + z21 C
2
k γ
0
k (ξo)
k−2 + z1 k γ
(1)
k (ξo)
k−1
]
(30)
where
z1 = −
γ
(1)
k (ξo)
k
j γ0j (ξo)
j−1 (31)
with summations understood over indices j, k = 0, 1, 2, 3, 4. Here γ
(1)
k and γ
(2)
k denote the
corrections O(1/M) and O(1/M2) respectively, that are present in γk. Also C2k = k(k− 1)/2.
Replacing ξo by any of the four values of the neutralino masses in the MSSM, one obtains the
corresponding neutralino mass in the general case. In particular this is true about the LSP
mass, when ξo is the MSSM corresponding eigenvalue.
We provide below the analytical expression for the neutralino mass corrections, with the
contribution of each operator (Oi) labelled by the first index in αij . One can include the
effect of a selected set of these operators or from all of them, by simply adding the corrections
δmχ = ξ − ξo to the MSSM mass eigenvalue (ξo), due to the particular set of operators
considered. We found
δmχ = ξ − ξo =
∑
i
δmχ(Oi) + δmχ(K0) (32)
δmχ(O1) = 2α10
σ
µ v2 cos β
[
2µ (m1 − ξo) (ξo −m2) cos β −
[
(m1 +m2)m
2
Z
+ 2 (m1m2 −m2Z) ξo − 2 (m1 +m2) ξo2 + 2 ξo3 + (m1 −m2)m2Z cos 2θw
]
sinβ
]
+
α∗11
4σ
m0 v
2
[
2 cos2 β
[
(m1 +m2)m
2
Z − 2 (−2m1m2 +m2Z) ξo − 4 (m1 +m2) ξo2
+ 4 ξo
3 −m2Z (m1 +m2 − 2 ξo) cos 2β
]
+ (m1 −m2)m2Z cos 2θw sin2 2β
]
(33)
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where σ is defined later on. Further:
δmχ(O2) = δmχ(O1)
[
α10 → α20, α∗11 → α∗21, β → π/2− β
]
δmχ(O3) = α30
4σ
v2
[
− 12m1m2 µ2 + (m1 +m2)(12µ2 +m2Z) ξo − 2 (6µ2 +m2Z) ξo2
+ m2Z ξo (2 ξo −m1 −m2) cos 4β + 2 sin 2β
[
µ
(− 3 (m1 +m2)m2Z − 2m1m2 ξo
+ 6m2Z ξo + 2 (m1 +m2) ξo
2 − 2 ξo3
)
+m2Z (m1 −m2) cos 2θw (ξo sin 2β − 3µ)
]]
+
α31∗
4σ
m0 v
2 sin 2β
[
m2Z
(
m1+m2 − 2 ξo + (m1 −m2) cos 2θw
)
sin 2β
+ 4µ(m1 − ξo)(m2 − ξo)
]
(34)
and
δmχ(O4) = δmχ(O3)
[
α30 → α40, α31 → α41
]
(35)
δmχ(O5) = α
∗
50
8σ
v2 cosβ
[
− 5µm2Z (m1 +m2 − 2 ξo) cos 3β + 2 sin β
[
8m1m2 µ
2
− (m1+m2)(8µ2+m2Z)ξo + 2(4µ2+m2Z)ξo2
]
+8(m2−m1)m2Zξo cos2 β cos 2θw sin β
+ µ cos β
[
5 (m1 +m2)m
2
Z + 2(4m1m2 − 5m2Z) ξo − 8(m1 +m2) ξo2 + 8 ξo3
+ 20 (m1 −m2)m2Z cos 2θw sin2 β
]− 2m2Z (m1 +m2 − 2 ξo) ξo sin 3β]
+
α50
16σ
v2
[
− µm2Z cos 4β
[
m1 +m2 − 2 ξo + (m1 −m2) cos 2θw
]
+ 4µ cos 2β
[
(m1 +m2)m
2
Z − 2(m1m2 +m2Z) ξo + 2(m1 +m2) ξo2 − 2ξo3
+ (m1 −m2)m2Z cos 2θw
]
+ 3µ
[
7 (m1 +m2)m
2
Z + 2(4m1m2 − 7m2Z) ξo
− 8(m1 +m2) ξo2 + 8ξo3 + 7(m1 −m2)m2Zcos2θw
]− 4 sin 2β[− 12m1m2µ2
+ (m1 +m2)(12µ
2 +m2Z) ξo − 2 (6µ2 +m2Z) ξo2 + (m1 −m2)m2Zξo cos 2θw
]
− 2m2Z ξo (m1 +m2 − 2ξo + (m1 −m2) cos 2θw) sin 4β
]
+
α∗51
8σ
m0 v
2
×
[
32µ(m1 − ξo)(ξo −m2) cos2 β − 2 sin 2β
[
3(m1 +m2)m
2
Z + 4m1m2 ξo − 6m2Z ξo
− 4 (m1 +m2) ξo2 + 4ξo3 + 3(m1 −m2)m2Z cos 2θw
]−m2Z [m1 +m2 − 2 ξo
+ (m1 −m2) cos 2θw
]
sin 4β
]
(36)
Further
δmχ(O6) = δmχ(O5)
[
α50 → α60, α51 → α61, β → π/2− β
]
(37)
The correction due to bino part (indexed by y) of O7 is:
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δmχ(Oy7) =
αy70
16σ
v2
[
µ
[
m1m
2
Z + 8µ
2 ξo + 5m
2
Z ξo − 8 ξo3 −m2 (8µ2 +m2Z − 8 ξo2)
]
+ µm2Z
[
(m1 +m2 + 3 ξo) cos 2θw − cos 4β
(
m1 + 3m2 − 3 ξo
+ (m1 − 3m2 + 3 ξo) cos 2θw
)]− 2[m2Z (2µ2 + (m2 − ξo) ξo) +m1 (− 2m2 µ2
+ ξo (2µ
2 +m2Z) + 2m2ξo
2 − 2 ξo3
)
+m2Z cos 2θw
(
2µ2+ξo(m1−m2+ξo)
)]
sin 2β
]
+
αy ∗70
8σ1
v2 sin 2β
[
2m1m2µ
2 − (2m1µ2+(m1+m2)m2Z) ξo + (−2m1m2+m2Z)ξo2
+ 2m1ξo
3+m2Z
(
µ(m1+m2−ξo) sin 2β+(m1−m2+ ξo) cos 2θw(−ξo+µ sin 2β)
)]
+
1
8σ
αy71m0 v
2 sin 2β
[
2m2(µ
2 − ξo2)− ξo (2µ2 +m2Z − 2 ξo2)
+ m2Z (−ξo cos 2θw + 2µ cos2 θw sin 2β)
]
(38)
A similar correction exists for Ow7 :
δmχ(Ow7 ) = δmχ(Oy7)
[
αy70 → αw70, αy71 → αw71,m1 → m2,m2 → m1, θw → π/2 − θw
]
(39)
Further
δmχ(O8) = α
∗
81
2σ
m0 v
2 sin 2β
[
4µ(m1 − ξo)(m2 − ξo) +m2Z [m1 +m2 − 2ξo
+ (m1 −m2) cos 2θw] sin 2β
]
(40)
Finally
δmχ(K0) = ζ10
4σ
v2σ′ +
ζ210
8σ3
v4
[
12σ2 (m1 − ξo)(m2 − ξo) sin2 2β + σ′2
[−m1m2 + µ2
+ m2Z + 3(m1 +m2) ξo − 6 ξo2
]
+ σσ′
[
4m1m2 − 5m2Z − 8(m1 +m2) ξo + 12ξo2
+ m2Z cos 4β − 8µ(m1 +m2 − 2 ξo) sin 2β
]]
(41)
In the above equations we introduced the notation
σ = (m1 +m2)(2µ
2 +m2Z)− 4 (−m1m2 + µ2 +m2Z) ξo − 6 (m1 +m2) ξo2 + 8 ξo3
+ m2Z
[
(m1 −m2) cos 2θw + 2µ sin 2β
]
σ′ = 5 (m1 +m2)m2Z + 2(4m1m2 − 5m2Z) ξo − 8 (m1 +m2) ξo2 + 8 ξo3
+ m2Z
[− ((m1 +m2 − 2 ξo) cos 4β)− (m1 −m2)(−5 + cos 4β) cos 2θw]
+ 16µ (m1 − ξo)(m2 − ξo) sin 2β (42)
In some cases not all operators are present, and even for each operator, one may be interested
only in the supersymmetric correction (labelled by a ”zero” second index, αj0). By simply
setting αj1 and α
∗
j1 to zero, one can identify only the supersymmetric corrections, when the
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above results simplify considerably. Moreover, for the constrained MSSM when the gaugino
universality is present, m1(mZ) = (5/3) tan
2 θw(mZ)m2(mZ) , then the results are further
simplified. As for the expression of the MSSM mass eigenvalues denoted ξo, these are known
in the literature [28] and can also be evaluated numerically. The numerical results due to
these corrections will be presented in Section 5.
4.2 Corrections to the Higgs fields masses.
The effective operators also affect the spectrum in the Higgs sector. The exact corrections
of these operators to lightest Higgs mass m2h to order O(1/M2) can be found in eq.(36) and
Appendix C of [7]. With mA >mZ assumed, the mass correction to mh, in the large tan β
limit with mA fixed, has a very simple form [7]:
δm2h = −2 v2
[
α22m
2
0 + (α30 + α40)µ
2 + 2α61m0 µ− α20m2Z
]
− (2 ζ10 µ)
2 v4
m2A −m2Z
+
v2
tan β
[
1
(m2A −m2Z)
(
4m2A
(
(2α21+α31+α41+2α81)m0 µ+(2α50+α60)µ
2 + α62m
2
0
)
− (2α60 − 3α70)m2Am2Z − (2α60 + α70)m4Z
)
+
8 (m2A +m
2
Z) (µm0 ζ10 ζ11) v
2
(m2A −m2Z)2
]
+ O(1/ tan2 β) (43)
where δm2h ≡ m2h − m0 2h , with m0h the MSSM value. Similar formulae exist for the heavier
neutral Higgs mass m2H , and pseudoscalar m
2
A. With these corrections one can examine the
effect of combined dark matter and EW constraints on the scale of new physics that may
be present in the MSSM. For details on the Higgs sector corrections to masses see [7, 8].
In the numerical results presented in Section 5 we use the exact formula for δm2h (i.e. with
no expansion in tan β or other parameter). Eq.(43) gives however a good indication on the
behaviour of the corrections: for example δm2h is increased by negative α30, α40, as we shall
see later on, α50, α60 have contributions suppressed at large tan β, Susy breaking corrections
(αj1, αj2) are comparable to Susy ones (αj0), etc.
4.3 Corrections to the chargino masses.
Following the method presented for the neutralino case, one can also evaluate the corrections to
the chargino fields masses. To this purpose one uses the Lagrangian presented in Appendix B.
As for the neutralino case, chargino fields rescaling is required to ensure canonical kinetic terms
for them, plus Higgs re-definitions as in eq.(26). The chargino mass corrections in order 1/M2
are presented in Appendix C and can be useful for phenomenological studies, in a global fit
of MSSM with effective operators.
15
5 Phenomenological implications
In this section we analyze the impact of the effective operators on the MSSM Higgs and
neutralino LSP masses. We perform the analysis separately for each individual operator
considered. This is because not all operators may be present in a particular model. The
corrections from a set of operators can be readily obtained by combining appropriately those
of individual Oi. The number of parameters can be further reduced by considering only the
impact of the supersymmetric corrections (i.e. take αj1 = αj2 = 0, j = 1, ...8), and αj0 6= 0.
It turns out that non-Susy corrections are, in absolute value, of a size generically close to that
of the supersymmetric case. From this analysis one can identify which of these operators has
the largest impact on phenomenology.
To this purpose we consider the CMSSM phase space points that respect all current
constraints, both theoretical and experimental. These refer to: radiative EWSB, no electric
charge or colour breaking, LEP sparticle bounds, b→ sγ bounds and dark matter constraints,
but no LEP2 bound on the Higgs mass (that is not imposed, see later). These points are
selected using SOFTSUSY [27] and micrOMEGAs [24] codes, in the context of CMSSM, as
described and used in [3]. On these phase space points we impose the constraint m˜/M < 1/2,
where m˜ = µ,m0, or m12, to ensure that our effective expansion parameter which is actually
its square αj0m˜ ∼ (m˜/M)2 < 1/4. This value is small enough to trust the results of the
effective operators expansion. Using these CMSSM phase points we examine the effect on the
LSP and Higgs masses from the corrections due to each effective operator. That is, we treat
the effective operators as a perturbation of the CMSSM ”background”, to analyze which of
its phase space points are likely to give sizable corrections. In this way we investigate if the
”best fit” points of CMSSM are stable under corrections from the effective operators. By
”best fit” points here we mean those points that satisfy the aforementioned theoretical and
experimental constraints, with WMAP dark matter relic density consistency or saturation
within 3σ, plus electroweak fine tuning4 not worse than 1 part in 200 [3]. This fine tuning
constraint enforces that some points have an expansion parameter less than 1/4.
A more careful analysis should implement all the new couplings in the Higgs, chargino
and neutralino sectors in SOFTSUSY and micrOMEGAs codes, to evaluate the impact of
these operators. One could then find bounds on the effective operators coefficients that can
be translated into upper bounds on the corrections to the MSSM Higgs mass.
4The definition of EW scale fine tuning that we are using is
∆ ≡ max
∣
∣∆p
∣
∣
p={µ2
0
,m2
0
,m2
1/2
,A2
0
,B2
0
}
, ∆p ≡
∂ ln v2
∂ ln p
(44)
where p are input parameters at the UV scale, in the standard MSSM notation. For its value at 2-loop see [3].
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Figure 1: The corrections to the LSP mass, induced by O2 and O6 respectively. These are the d = 6
operators that bring the largest corrections δmLSP and are generated for a scale of new physics of
M = 8 TeV. The corrections are for αj0 = αj1 = −1/M2, j = 2, 6, and include Susy breaking effects.
5.1 The neutralino sector.
Let us now discuss the mass corrections to the neutralino LSP. A numerical analysis of the
results found in Section 4.1 shows that the mass corrections are actually very small. In
Figure 1 we showed the mass corrections induced by operators O2 and O6 which bring the
largest corrections, as a function of mLSP in CMSSM forM = 8 TeV, value consistent with ρ-
parameter constraints [14]. As shown, the mass corrections to neutralino LSP are of the order
of few GeV only (including non-Susy corrections), while for the remaining operators, these
corrections are even smaller. The reason for this is that the mass of the LSP is suppressed
- at large µ - not only by αij , but also by large µ. The mass corrections increase slightly
when non-supersymmetric effects are also included, accounted for by αj1 in the formulae
of Section 4.1. Given that the correction to the LSP mass eigenvalue is so small, the LSP
composition cannot then be significantly changed from its CMSSM value; for example the
variation of |〈χ|ui〉|2−|〈χ0|ui〉|2, where χ (χ0) is the neutralino LSP in the presence (absence)
of effective operators, and ui = λy, λ
3
w, ψ1, ψ2, does not change by more than ±1% (for all i),
for M = 8 TeV, which is very small. The presence of a set or all d = 6 operators can however
increase the overall effect on mLSP and LSP composition, but this depends on the relative
signs of the operators and is not studied here. For a detailed study of the neutralino sector
in the presence of the d = 5 operator see [15, 16, 17].
5.2 The Higgs sector.
Let us now discuss the corrections to the mass mh of the lightest MSSM Higgs field. In [7]
analytical corrections to mh from effective operators were computed in 1/M
2 order. This was
followed by a simple estimate of the overall size of the correction to tree-level mh, in a very
special case and under simplifying assumptions for the coefficients of the operators. In this
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section we improve the numerical analysis, to present a general and accurate numerical inves-
tigation of the corrections to mh for individual operators and including quantum corrections,
not considered before.
The results are illustrated in the plots of Figures 2,3,4 where the supersymmetric cor-
rection δmh is shown for each operator O1,...6 and K0 as a function of the CMSSM value
for mh evaluated at 2-loop leading-log (LL), for M = 10 and 8 TeV (values consistent with
ρ-parameter constraints [14]). The correction due to O7 is very small (< 1GeV) for all the
parameter space, because it is strongly suppressed by the small gauge couplings, in addition
to αij , and it is not shown here. The correction δmh shown in the plots as a function of
CMSSM value of mh, is defined as
δmh =
[
m2h
∣∣
2−loop,MSSM + δm
2
h
]1/2
−mh
∣∣
2−loop,MSSM =
1
2
δm2h
mh
∣∣
2−loop,MSSM
+O(1/M4) (45)
so the total value is then δmh + mh|2−loop,MSSM; here mh|2−loop,MSSM is the 2-loop (LL)
corrected CMSSM value for Higgs mass, while δm2h is the classical correction due to the
effective operators whose exact expression can be found, for exact Susy case, in eq.(36) in [7].
The large tan β limit of δm2h is given in (43), including Susy breaking effects; as it can be seen
from there, negative α30 and α40 can bring a positive correction δmh, and this remains true
for all tan β as seen in the plots in Figure 2, 3; for αj0, j = 1, 2, 5, 6 the sign of the correction
is not clear from (43). Finally, in all plots the points below the black continuous line are the
CMSSM points with EW fine tuning ∆ < 200, and satisfy all experimental and theoretical
constraints as explained above, including WMAP constraint within 3σ (in red) or consistent
with it (in blue), except the LEP2 bound on mh which is never imposed, for reasons that
become clear below.
Let us first discuss the correction for points with ∆ < 200. From these plots we notice that
CMSSM (”best fit”) points below the black continuous line, i.e. which respect all constraints
mentioned above plus fine tuning ∆ < 200 and regardless of the LEP2 bound on mh, receive
from individual operators a small change to the Higgs mass mh, of only few GeV: up to 4
GeV for M = 10 TeV and up to 6 GeV for M = 8 TeV. This indicates a variation of δmh
by about 1 GeV for a 1 TeV variation of M . These numerical values are even smaller for
some operators, see Figures 2,3. Note that points which were below the LEP2 bound by
this correction are now phenomenologically viable. The special point of CMSSM of minimal
∆ = 18 that saturates the dark matter relic density [5] within 3σ, and with mh = 115.9 ± 2
GeV [3], could therefore receive a correction δmh ∼ 4 to 6 GeV, so that mh can increase to
mh+δmh = (120−122)±2 GeV. Given the relatively small size of the correction δmh one can
say that these particular CMSSM phase space points and their predictions are stable against
the presence of new physics at the scale M = 10 TeV or M = 8 TeV. This is an interesting
finding, and can be explained by the fact that these points generically have a light µ and
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Figure 2: The correction δmh to the lightest MSSM Higgs mass, due to effective operators, as a
function of the 2-loop (LL) CMSSM massmh, withM = 10 TeV. In light blue are CMSSM phase space
points with relic density Ωh2≥0.1285; on top, in dark blue, are points with Ωh2≤0.0913 (3σ deviation)
and on top, in red, are MSSM points that saturate WMAP bound within 3σ: Ωh2 = 0.1099± 0.0186.
(WMAP value: Ωh2 = 0.1099 ± 0.0062 [5]). No LEP2 bound on mh is imposed at any time. The
corrected value of the Higgs mass is mh + δmh. The corrections are supersymmetric, generated by
αj0, and can increase/decrease if Susy-breaking effects (αj1, αj2) are also included. We assumed
αj0 = −1/M2, j = 1, 2, ..6 and M = 10 TeV. The points below (above) the black continuous line
have CMSSM EW fine-tuning ∆ < 200 (∆ > 200), respectively. The points below the continuous line
receive a correction of up to 4 GeV. With α50, α60 < 0, δmh(O5,6) < 0 (note that −δmh(O5,6) is
plotted). The gaps (”wedges”) in the plots would be filled in by a better scan of the phase space.
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Figure 3: As for Figure 2, but with M=8 TeV. The continuous line of ∆ = 200 has changed position
and points under it can bring a δmh up to 6 GeV.
light m12 (focus point region) [3], and thus the supersymmetric corrections δmh, (generated
by αj0) are rather suppressed.
The corrections δmh can increase or decrease if one also includes effects of Susy breaking
associated with the effective operators and encoded in αj1, αj2, by an amount comparable to
that due to their supersymmetric corrections; for large tan β the size of their effects can also be
seen from eq.(43). However the relevance of such corrections for the little hierarchy problem
and for mh value is questionable, given that these are themselves related to supersymmetry
breaking. We therefore do not consider such effects further. Finally, unlike operators Oi, in
the case of the dimension-five operator, the MSSM phase space points of ∆ < 200 that violate
20
Figure 4: As for Figure 2, with the correction to the MSSM lightest Higgs mass induced by K0, in
function of 2-loop MSSM Higgs mass. Left plot: M = 10 TeV, right plot: M = 8 TeV. The corrections
from d = 5 operators are now larger, due to leading 1/M terms present for the d = 5 operator.
the LEP2 bound can bring a correction δmh(K0) significantly larger, and these points become
phenomenologically viable (see Figure 4, with δmh ∼ 20 GeV for mh ∼ 110 GeV, still under
the black curve, i.e. ∆ < 200); however, the final, corrected value mh + δmh, while situated
above the LEP2 bound now, is still below 125-135 GeV.
Based on our previous results for the corrections to the neutralino LSP mass, which turned
out to be significantly smaller, we can say that these ”best fit” CMSSM phase space points
(∆ < 200) are unlikely to have their dark matter constraint changed significantly, and are
then rather stable under ”new physics” presence. This is also supported by the fact that
dark matter abundance, that depends on the annihilation cross section may not receive large
corrections since the change of the LSP composition due to Oi was small (consistent with a
small mass correction). However, only a careful implementation of the new couplings in the
neutralino sector into micrOMEGAs and SOFTSUSY can address this issue on solid grounds.
Note that to such cross section effects all operators Oi contribute: some like O7 provide
a direct LSP annihilation coupling of the bino (∝ 1/M2) but give an otherwise negligible
correction to mh, while the remaining operators induce a similar order effect for the LSP, via
O(1/M2) mixing with the MSSM terms.
Let us now discuss the CMSSM points with fine tuning ∆ > 200 i.e. situated above
the black continuous line in Figure 2,3,4. They can bring an increase of mh which can be
significant, of 10-30 GeV (larger for K0), but this depends also on M . Therefore, points that
in the MSSM would be eliminated by the LEP2 mass bound for Higgs mh > 114.4 GeV, can
now be ruled in as viable points. For example there are points which for mh near 100 GeV
can receive corrections of order 20 GeV or so, to now reach and satisfy the LEP2 bound.
Interestingly, for O1,2 the Higgs mass increase is such that total mh remains close to 120 GeV.
In any case, only points that are largely fine tuned and have a value for mh significantly below
LEP2 bound, are actually receiving the largest corrections to mh. Thus the phase space of the
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MSSM is increased and more points which are otherwise ruled out on grounds of extreme fine
tuning and/or LEP2 bound, are ”recovered” and can be phenomenologically viable. The EW
fine tuning ∆ of those points can decrease by a factor equal to the square of the ratio of the
Higgs masses after and before adding the correction δmh, and this effect can be significant.
For an example of how this works in the presence of the d = 5 operator K0, see [6], where one
sees that ∆ can remain acceptable (∼ 10), in the presence of K0 even for mh above 120 GeV.
A similar effect is expected for the case of d = 6 operators.
6 Conclusions
In this paper we considered the extension of the MSSM Higgs sector by all possible effective
operators of dimension-five and dimension-six, allowed by the MSSM symmetries. By super-
symmetry, the same operators also provide the most general extension of the neutralino and
chargino sectors of the MSSM. The study of such extensions is motivated by the attempts
to understand better the MSSM higgs sector and its stability against corrections from new
physics, as well as by dark matter studies. This is also motivated by the fact that dark matter
and higgs sectors are intrinsically connected by supersymmetry. Complementary constraints
from dark matter (large length scale physics) and electroweak physics (small length scales)
can shed more light on either of these sectors or on both. In this paper we started an anal-
ysis in this direction, by computing for the first time, in component fields, the Lagrangian
in the neutralino and chargino sectors extended by all effective operators of dimension d = 5
and d = 6, as well as the corresponding spectrum. The results can be used for studies of
dark matter relic density within extensions of the CMSSM, by implementing this extended
Lagrangian in public codes like micrOMEGAs. The study also continued our earlier similar
calculation of the extended Lagrangian in the Higgs sector alone. The phenomenological im-
pact of the effective operators was then studied by analyzing the impact of these operators
on the CMSSM parameter space, as a perturbation.
We computed the mass corrections to the neutralino and chargino fields and showed that
the neutralino LSP receives small mass corrections from individual effective operators, of few
GeV (< 1− 2%) for a scale of the operators at 8 TeV; the sign of the corrections depends on
the choice for the coefficients for these operators. The operators with the largest corrections
were identified to be O2,6.
A similar study was done for the Higgs sector, and this continued the analysis started
in our previous work [7], where the classical correction to the mass of the lightest MSSM
higgs had been computed analytically, in the leading order (1/M2). Using this analytical
result we performed an accurate numerical investigation of the size of the correction to mh
from individual operators, including quantum corrections, not considered before. Using the
CMSSM parameter space points that satisfied all electroweak and dark matter constraints,
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except the LEP2 bound on mh, we showed that points which would otherwise violate the
LEP2 bound or are strongly fine tuned in CMSSM, become viable points, now respect this
bound and have a lower fine-tuning. For such points, with ∆ > 200, the effective operators
can bring individual corrections of δmh ∼ 10 − 30 GeV with the larger values for mh further
below LEP2 bound, to increase mh just above this bound. Non-Susy effects associated with
the effective operators can increase or decrease this correction. The properties of these phase
space points need to be analyzed further in a global fit of the whole model i.e. MSSM plus
effective operators.
An interesting result is that for the CMSSM phase space points with reduced EW fine
tuning, ∆ < 200, and that satisfied the WMAP constraint within 3σ or were just consistent
with this bound. In this case, the supersymmetric corrections to mh from individual operators
of dimension d = 6 were small: they were < 4 (< 6) GeV for M = 10 (8) TeV, respectively
(with about a variation of 1 GeV for a change of 1 TeV of the scale M). The points be-
low the LEP2 bound by this amount but respecting all other experimental and theoretical
constraints, become now phenomenologically viable. The relative smallness of these correc-
tions (for individual operators), suggests that the CMSSM ”best fit” points are rather stable
against the effects of ”new physics” in the Higgs sector that could exist at 10 (8) TeV. In
particular, for the CMSSM point with lowest EW fine tuning (∆ = 18) that saturates the
relic density within 3σ and predicting mh = 115.9 ± 2 GeV, and considering only corrections
from individual operators, would bring this value to mh = (120 − 122) ± 2 GeV. This could
suggest a preference for a light mh even in the presence of ”new physics” at 8− 10 TeV.
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7 Appendix
A The expressions of the d = 6 operators and the auxiliary fields.
The full component form of the dimension-six operators is
O1 = 1
M2
∫
d4θ Z1(S, S†) (H†1 eV1 H1)2 (A-1)
= 2α10
[
|h1|2
[ |Dµh1|2 + h†1 D12 h1 + |F1|2]+ |h†1F1|2 + |h†1Dµh1|2
]
+ 2α10
[ i
2
ψ1σ
µDµψ1 |h1|2 + i
2
ψ1σ
µ ψ1 h
†
1Dµh1 −
i
2
(h†1ψ1)σ
µψ1(Dµ −
←−Dµ)h1 + h.c.
]
+ 2α10
[
− 1√
2
(h†1λ1ψ1)|h1|2 − (h†1ψ1)(F †1ψ1)−
1√
2
(h†1ψ1)h
†
1λ1h1 + h.c.
]
− α10(ψ1ψ1)(ψ1ψ1)+
[
2α11m0|h1|2 (F †1h1)− α11m0(ψ1h1)(ψ1h1)+h.c.
]
+α12m
2
0(|h1|2)2
O2 = 1
M2
∫
d4θ Z2(S, S†) (H†2 eV2 H2)2 (A-2)
= 2α20
[
|h2|2
[ |Dµh2|2 + h†2 D22 h2 + |F2|2 ]+ |h†2F2|2 + |h†2Dµh2|2
]
+ 2α20
[ i
2
ψ2σ
µDµψ2 |h2|2 + i
2
ψ2σ
µ ψ2 h
†
2Dµh2 −
i
2
(h†2ψ2)σ
µψ2(Dµ −
←−Dµ)h2 + h.c.
]
+ 2α20
[
− 1√
2
(h†2λ2ψ2)|h2|2 − (h†2ψ2)(F †2ψ2)−
1√
2
(h†2ψ2)h
†
2λ2h2 + h.c.
]
− α20(ψ2ψ2)(ψ2ψ2)+
[
2α21m0|h2|2(F †2h2)− α21m0(ψ2h2)(ψ2h2)+h.c.
]
+α22m
2
0(|h2|2)2
O3 = 1
M2
∫
d4θ Z3(S, S†) (H†1 eV1 H1) (H†2 eV2 H2), (A-3)
= α30
[
|h1|2
[|Dµh2|2 + h†2 D22 h2+|F2|2]+(h†1F1)(F †2h2)+(h†1Dµh1)(h†2←−Dµh2)+(1↔ 2)
]
+ α30
[ i
2
ψ2σ
µDµψ2 |h1|2 + i
2
ψ1σ
µ ψ1 h
†
2Dµh2 −
i
2
(h†1ψ1)σ
µψ2(Dµ −
←−Dµ)h2 + h.c.
]
+ α30
[ i
2
ψ1σ
µDµψ1 |h2|2 + i
2
ψ2σ
µ ψ2 h
†
1Dµh1 −
i
2
(h†2ψ2)σ
µψ1(Dµ −
←−Dµ)h1 + h.c.
]
+ α30
[
− 1√
2
(h†2λ2ψ2)|h1|2 − (h†1ψ1)(F †2ψ2)−
1√
2
(h†1ψ1)h
†
2λ2h2 + (1↔ 2) + h.c.
]
− α30 (ψ1ψ1)(ψ2ψ2) +
[
α31m0
[ |h1|2(F †2h2) + |h2|2(F †1h1)]− α∗31m0(h†1ψ1)(h†2ψ2) + h.c.]
+ α32m
2
0 |h1|2|h2|2
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O4 = 1
M2
∫
d4θ Z4(S, S†) (H2 .H1) (H2 .H1)†, (A-4)
= α40 |∂µ(h2.h1)|2 + α40
[ i
2
(ψ1.h2 + h1.ψ2)σ
µ∂µ(ψ1.h2 + h1.ψ2)
† + h.c.
]
+ α40 |h2 · F1 + F2 · h1 − ψ2.ψ1|2 +
[
α41m0 (h2.h1) (h2.F1 + F2.h1 − ψ2.ψ1)† + h.c.
]
+ α42m
2
0 |h2.h1|2
O5 = 1
M2
∫
d4θ Z5(S, S†) (H†1 eV1 H1)H2.H1 + h.c. (A-5)
= α50
[[ |Dµh1|2 + h†1 D12 h1 + |F1|2 ] (h2.h1) + (h†1←−Dµh1) ∂µ(h2.h1)
]
+ α∗50
[
i h†1Dµψ1 σµ (ψ1.h2 + h1.ψ2)† + i (h2.h1)† ψ1σµDµψ1
]
+ α50
[
(ψ1.h2 + h1.ψ2) (F
†
1ψ1 +
1√
2
h†1λ1h1)−
1√
2
(h2.h1)(h
†
1λ1ψ1 + ψ1λ1h1)
]
+
[
α50(F
†
1h1) + α
∗
51m0|h1|2
]
(h2.F1 + F2.h1 − ψ2.ψ1)− α∗51m0 (h†1ψ1)(h2.ψ1 + ψ2.h1)
]
+ m0
[
α51 (F
†
1h1) + α
∗
51 (h
†
1F1)
]
(h2.h1) + α52m
2
0 |h1|2 (h2.h1) + h.c. of all
O6 = 1
M2
∫
d4θ Z6(S, S†) (H†2 eV2 H2) H2.H1 + h.c. (A-6)
= α60
[[ |Dµh2|2 + h†2 D22 h2 + |F2|2 ] (h2.h1) + (h†2←−Dµh2) ∂µ(h2.h1)
]
+ α∗60
[
i h†2Dµψ2 σµ (ψ1.h2 + h1.ψ2)† + i (h2.h1)† ψ2σµDµψ2
]
+ α60
[
(ψ1.h2 + h1.ψ2) (F
†
2ψ2 +
1√
2
h†2λ2h2)−
1√
2
(h2.h1)(h
†
2λ2ψ2 + ψ2λ2h2)
]
+
[
α60(F
†
2h2) + α
∗
61m0|h2|2
]
(h2.F1 + F2.h1 − ψ2.ψ1)− α∗61m0 (h†2ψ2)(h2.ψ1 + ψ2.h1)
]
+ m0
[
α61 (F
†
2h2) + α
∗
61 (h
†
2F2)
]
(h2.h1) + α62m
2
0 |h2|2 (h2.h1) + h.c. of all
O7 = 1
M2
∑
s=w,y
1
16g2sκ
∫
d2θZ7(S, 0)Tr(WαWα)s(H2.H1)+h.c. (A-7)
=
∑
s=w,y
αs70
4
{
(h2.h1)
[
i (λasσ
µ∆µλ
a
s−∆µλasσµλas)+DasDas−
1
2
(F aµνs F
a
s µν+
i
2
ǫµνρσF as µνF
a
s ρσ)
]
−
√
2 (h2.ψ1 + ψ2.h1)(λ
a
sD
a
s + σ
µνλasF
a
sµν) + (h2.F1 + F2.h1 − ψ2.ψ1)λasλas
}
+
1
4
αs71m0(h2.h1)(λ
a
sλ
a
s) + h.c. of all, (gw ≡ g2; gy ≡ g1; w : SU(2); y : U(1)).
O8 = 1
M2
∫
d4θ
[
Z8(S, S†) [(H2H1)2 + h.c.]
]
(A-8)
= 2α∗81m0 (h2.h1) (h2.F1 + F2.h1 − ψ2.ψ1) +m20 α82 (h2 · h1)2 + h.c. of all
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Wα is the Susy field strength of SU(2)L (U(1)Y ) vector superfield Vw (Vy) of auxiliary com-
ponent Dw (DY ). Also
(1/M2) Zi(S, S†) = αi0 + αi1m0 θθ + α∗i1m0 θθ + αi2m20 θθθθ (A-9)
and Dµhi = (∂µ + i/2V µi )hi, h†i
←−Dµ = (Dµhi)† = h†i (
←−
∂ µ − i/2V µi ).
Further, D1 ≡ ~Dw ~T + (−1/2) DY and D2 ≡ ~Dw ~T + (1/2) DY , T a = σa/2. Finally, one
must rescale in all Oi (i 6= 7 since O7 is rescaled already): Vw → 2 g2 Vw, Vy → 2 g1 Vy.
Therefore one must replace V1,2 = 2 g2 ~Vw ~T + 2 g1 (∓1/2)Vy with the upper sign (minus)
for V1, where V1,2 enter above in the definition of O1,2. Similar expressions exist for the
components of the superfields V1,2. For example: λ1,2 = g2 λ
a
w σ
a + g1 (∓1)λy (minus for λ1).
Other notations used above: H1.H2 = ǫ
ij H i1H
j
2 . Also |h1 ·h2|2 = |hi1 ǫij hj2|2 = |h1|2 |h2|2−
|h†1 h2|2; ǫij ǫkj = δik; ǫij ǫkl = δik δjl − δil δjk, ǫ12 = 1, with
h1 =
(
h01
h−1
)
≡
(
h11
h21
)
, Yh1 = −1; h2 =
(
h+2
h02
)
≡
(
h12
h22
)
, Yh2 = +1 (A-10)
In the above expressions for O1,2,...8, the notations hi, ψi, F1,2 stand for SU(2) doublets, so for
example h†1ψ1 = h
i ∗
1 ψ
i
1, also |h1|2 = h†1h1 = h∗i1 hi1, where the superscript i labels the SU(2)
components, as shown above for the Higgs doublets h1,2. Other notations: ψ1.h2 = ψ
i
1ǫ
ijhj2
with a similar notation for the components of the doublet (superscripts). The derivatives
D, (←−D ) only act on the first field to their right (left) respectively.
In O7 we used the notation:
∆µλ
a
= ∂µλ
a − g tabc V bµ λ
c
, ∆µλ = ∂µλ+
i
2
[Vµ, λ], (A-11)
where the last equation applies before the rescaling of vector superfield (in matrix notation).
These eqs are considered for λw (λy) with corresponding Vw,µ (Vy,µ).
The Lagrangian with the above O1,..,8,K0 leads to (q is a doublet index)
F ∗q1 = −
{
ǫqp hp2
[
µ+ 2 ζ10 (h1.h2) + ρ11
]
+ h∗q1 ρ12 + ψ
q
1 ρ13
}
F ∗q2 = −
{
ǫpq hp1
[
µ+ 2 ζ10 (h1.h2) + ρ21
]
+ h∗q2 ρ22 + ψ
q
2 ρ23
}
(A-12)
where ρij are functions of h1,2, given in
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ρ11 = −(2α10 µ+ α40µ+ α∗51m0)|h1|2 − (α30 µ+ α40µ+ α∗61m0) |h2|2
− (α∗41m0 + α∗50 µ) (h2.h1)∗ +
[
(α60 + 2α50)µ+ 2α
∗
81m0
]
(h1.h2)
+α40 ψ2.ψ1 − (1/4) (αw70λawλaw + αy70λ2y)
ρ12 = (2α
∗
11m0 + α
∗
50 µ)|h1|2 + (α∗31m0 + α∗50 µ) |h2|2
−[(2α10 + α30)µ + α∗51m0] (h1.h2) + α∗51m0 (h2.h1)∗ − α∗50 ψ2.ψ1
ρ13 = −
[
2α10 ψ1h1 + α30ψ2h2 − α∗50 (ψ1.h2 + h1.ψ2)†
]
(A-13)
and
ρ21 = −(2α20 µ+ α40µ+ α∗61m0)|h2|2 − (α30 µ+ α40µ+ α∗51m0) |h1|2
−(α∗41m0 + α∗60 µ) (h2.h1)∗ +
[
(α50 + 2α60)µ + 2α
∗
81m0
]
(h1.h2)
+α40 ψ2.ψ1 − (1/4) (αw70λawλaw + αy70λ2y)
ρ22 = (2α
∗
21m0 + α
∗
60 µ)|h2|2 + (α∗31m0 + α∗60 µ) |h1|2
−[(2α20 + α30)µ+ α∗61m0] (h1.h2) + α∗61m0 (h2.h1)∗ − α∗60ψ2.ψ1
ρ23 = −
[
2α20 ψ2h2 + α30 ψ1 h1 − α∗60 (ψ1.h2 + h1.ψ2)†
]
(A-14)
The last line in ρ11, ρ21 and ρ13, ρ23 are new contributions, due to fermions only. Further
Daw = −g2
[
h†1T
a h1 (1 + ρ˜1,w) + h
†
2 T
a h2 (1 + ρ˜2,w) −
√
2
4
(
αw70 (h2.ψ1 + ψ2.h1)λ
a
w+h.c.
)]
DY = −g1
[
h†1
−1
2
h1(1 + ρ˜1,y) + h
†
2
1
2
h2(1 + ρ˜2,y)−
√
2
4
(
αy70(h2.ψ1 + ψ2.h1)λ
a
y+h.c.
)]
(A-15)
with T a = σa/2, and
ρ˜1,w = 2α10|h1|2 + α30|h2|2 +
[
(α50 − αw70/2) (h2.h1) + h.c.
]
ρ˜2,w = 2α20|h2|2 + α30|h1|2 +
[
(α60 − αw70/2) (h2.h1) + h.c.
]
(A-16)
with similar expression for ρj,y in which one uses instead α
y
70. Therefore
DawD
a
w =
g22
4
[ (
(1 + ρ˜1,w) |h1|2 − (1 + ρ˜2,w) |h2|2
)2
+ 4 (1 + ρ˜1,w)(1 + ρ˜2,w) |h†1 h2|2
]
−
√
2
2
g2
[
h†1T
ah1 + h
†
2T
ah2
][
αw70 (h2.ψ1 + ψ2.h1)λ
a
w + h.c.
]
D2Y =
g21
4
(
(1 + ρ˜1,y) |h1|2 − (1 + ρ˜2,y) |h2|2
)2
−
√
2
2
g1
[
h†1
−1
2
h1 + h
†
2
1
2
h2
][
αy70 (h2.ψ1 + ψ2.h1)λy + h.c.
]
(A-17)
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B The neutralino and chargino Lagrangian.
Here we provide the full neutralino and chargino Lagrangian, in component fields (see notation
(A-10) - similar notation for higgsino components), extracted from the total Lagrangian of
Section 2. Below we use the notation:
∂zµf1 ≡ (∂µ + (i/2) s g V zµ )f1
←→
∂ zµf1 = (∂µ −
←−
∂ µ + i s gV
z
µ ) f1
∂γµf2 ≡ (∂µ − (i/2) s g V γµ )f2
←→
∂ γµf2 = (∂µ −
←−
∂ µ − i s gV γµ ) f2 (B-1)
where s = +1 for f1 = ψ
0
1 , h
0
1, f2 = ψ
−
1 , h
−
1 and s = −1 for f1 = ψ02 , h02, f2 = ψ+2 , h+2 . Also
V ±µ = V
1
w,µ ∓ i V 2w,µ ≡
√
2W±µ , g V
z
µ = g2V
3
w,µ − g1Vy,µ,
λ±w = λ
1
w ∓ i λ2w ≡
√
2 λ˜±w g V
γ
µ = g2V
3
w,µ + g1 Vy,µ,
g = g2/ cos θw = g1/ sin θw = e/(sin θw cos θw) (B-2)
whereW±µ , λ˜
±
w denote the charged weak bosons and charginos, respectively; (below we use the
V ±µ and λ˜±w notation instead, to avoid complicating the expressions by the extra
√
2 factors).
The neutralino and chargino Lagrangian receives contributions from L of (5). LD gives:
LD ⊃ −1
4
√
2
[
g2α
w
70
(
λ3w
[|h01|2− |h02|2+ |h+2 |2− |h−1 |2]+λ+w (h0∗1 h−1+h+∗2 h02)+ λ−w(h0∗1 h−1+h+∗2 h02)∗)
− g1 αy70 λy
[|h01|2 − |h02|2 + |h−1 |2 − |h+2 |2]](ψ01h02+h01ψ02−ψ−1 h+2 −h−1 ψ+2 ) + h.c. (B-3)
LF,1 contributes the neutralino/chargino terms below, given separately for each operator Oi:
LF,1 ⊃
∑
i
ROi where: (B-4)
RO1 = 2α10 µ (ψ
0
1 h
0
2 − ψ−1 h+2 ) (h0∗1 ψ01 + h−∗1 ψ−1 ) + h.c.
RO2 = 2α20 µ (ψ
0
2 h
0
1 − ψ+2 h−1 ) (h0∗2 ψ02 + h+∗2 ψ+2 ) + h.c.
RO3 = α30 µ
[
(ψ01 h
0
2 − ψ−1 h+2 ) (h0∗2 ψ02 + h+∗2 ψ+2 )
+(ψ02 h
0
1 − ψ+2 h−1 ) (h0∗1 ψ01 + h−∗1 ψ−1 )
]
+ h.c.
RO4 = α40 µ (ψ
0
1ψ
0
2 − ψ−1 ψ+2 ) (|h01|2 + |h02|2 + |h−1 |2 + |h+2 |2) + h.c.
RO5 = −α50 µ
[
(ψ01h
0
2 − ψ−1 h+2 ) (ψ01h02 + h01ψ02 − ψ−1 h+2 − h−1 ψ+2 )
+ (h01h
0
2−h−1 h+2 ) (ψ01ψ02 − ψ−1 ψ+2 )
]
+ h.c.
RO6 = −α60 µ
[
(ψ02h
0
1 − ψ+2 h−1 ) (ψ01h02 + h01ψ02 − ψ−1 h+2 − h−1 ψ+2 )
+ (h01h
0
2−h−1 h+2 ) (ψ01ψ02 − ψ−1 ψ+2 )
]
+ h.c.
RO7 =
1
4
µ [αw70 (λ
+
wλ
−
w + λ
3
wλ
3
w) + α
y
70 λyλy
]
× (|h01|2 + |h02|2 + |h−1 |2 + |h+2 |2) + h.c. (B-5)
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Further, L1 generates the following terms, which are pairs of higgsino or of gaugino:
L1 =
8∑
i=1
SOi (B-6)
SO1 = i α10
[
(|h01|2+|h−1 |2)
[
ψ01σ
µ∂zµψ
0
1+(i/2)g2(ψ
0
1σ
µV +µ ψ
−
1 + ψ
−
1 σ
µV −µ ψ
0
1)+ψ
−
1 σ
µ∂γµψ
−
1
]
+ (ψ01σ
µψ01 + ψ
−
1 σ
µψ−1 )
[
h0∗1 ∂
z
µh
0
1 + (i/2)g2(h
0∗
1 V
+
µ h
−
1 + h
−∗
1 V
−
µ h
0
1) + h
−∗
1 ∂
γ
µ h
−
1
]]
− (h0∗1 ψ01 + h−∗1 ψ−1 )σµ
[
ψ01
←→
∂ zµ h
0
1 + ig2(ψ
0
1V
+
µ h
−
1 +ψ
−
1 V
−
µ h
0
1) + ψ
−
1
←→
∂ γµ h
−
1
]]
+h.c. (B-7)
SO2 = i α20
[
(|h02|2 + |h+2 |2)
[
ψ02σ
µ∂zµψ
0
2 + (i/2)g2(ψ
0
2σ
µV −µ ψ
+
2 + ψ
+
2 σ
µV +µ ψ
0
2) + ψ
+
2 σ
µ∂γµ ψ
+
2
]
+ (ψ02σ
µψ02 + ψ
+
2 σ
µψ+2 )
[
h0∗2 ∂
z
µh
0
2 + (i/2)g2(h
0∗
2 V
−
µ h
+
2 + h
+∗
2 V
+
µ h
0
2) + h
+∗
2 ∂
γ
µ h
+
2
]]
− (h0∗2 ψ02 + h+∗2 ψ+2 )σµ
[
ψ02
←→
∂ zµ h
0
2 + ig2(ψ
0
2V
−
µ h
+
2 + ψ
+
2 V
+
µ h
0
2)+ψ
+
2
←→
∂ γµ h
+
2
]]
+h.c. (B-8)
SO3 = i
α30
2
[
(|h01|2+|h−1 |2)
[
ψ02σ
µ∂zµψ
0
2+(i/2)g2(ψ
0
2σ
µV −µ ψ
+
2 +ψ
+
2 σ
µV +µ ψ
0
2)+ψ
+
2 σ
µ∂γµ ψ
+
2
]
+ (ψ01σ
µψ01 + ψ
−
1 σ
µψ−1 )
[
h0∗2 ∂
z
µh
0
2 + (i/2)g2(h
0∗
2 V
−
µ h
+
2 + h
+∗
2 V
+
µ h
0
2) + h
+∗
2 ∂
γ
µ h
+
2
]
− (h0∗1 ψ01 + h−∗1 ψ−1 )σµ
[
ψ02
←→
∂ zµ h
0
2 + ig2(ψ
0
2V
−
µ h
+
2 + ψ
+
2 V
+
µ h
0
2) + ψ
+
2
←→
∂ γµ h
+
2
]]
+ (|h02|2 + |h+2 |2)
[
ψ01σ
µ∂zµψ
0
1 + (i/2)g2(ψ
0
1σ
µV +µ ψ
−
1 + ψ
−
1 σ
µV −µ ψ
0
1) + ψ
−
1 σ
µ∂γµ ψ
−
1
]
+ (ψ02σ
µψ02 + ψ
+
2 σ
µψ+2 )
[
h0∗1 ∂
z
µh
0
1 + (i/2)g2(h
0∗
1 V
+
µ h
−
1 + h
−∗
1 V
−
µ h
0
1) + h
−∗
1 ∂
γ
µ h
−
1
]]
− (h0∗2 ψ02 + h+∗2 ψ+2 )σµ
[
ψ01
←→
∂ zµh
0
1+ ig2(ψ
0
1V
+
µ h
−
1 +ψ
−
1 V
−
µ h
0
1)+ψ
−
1
←→
∂ γµh
−
1
]]
+h.c. (B-9)
SO4 =
iα40
2
[
(ψ01h
0
2 + h
0
1ψ
0
2 − ψ−1 h+2 − h−1 ψ+2 )σµ∂µ(ψ01h02 + h01ψ02 − ψ−1 h+2 − h−1 ψ+2 )† + h.c.
]
SO5 = iα
∗
50
[[
h0∗1 ∂
z
µψ
0
1 + (i/2)g2(h
0∗
1 V
+
µ ψ
−
1 + h
−∗
1 V
−
µ ψ
0
1) + h
−∗
1 ∂
γ
µψ
−
1
]
σµ(ψ01h
0
2 + h
0
1ψ
0
2
− ψ−1 h+2 − h−1 ψ+2 )†−(h0∗1 h0∗2 − h−∗1 h+∗2 )
[
ψ01σ
µ∂zµψ
0
1+(i/2)g2(ψ
0
1σ
µV +µ ψ
−
1 +ψ
−
1 σ
µV −µ ψ
0
1)
+ ψ−1 σ
µ∂γµψ
−
1
]]
+ h.c. (B-10)
SO6 = iα
∗
60
[[
h0∗2 ∂
z
µψ
0
2 + (i/2)g2(h
0∗
2 V
−
µ ψ
+
2 + h
+∗
2 V
+
µ ψ
0
2) + h
+∗
2 ∂
γ
µψ
+
2
]
σµ(ψ01h
0
2 + h
0
1ψ
0
2
− ψ−1 h+2 − h−1 ψ+2 )†−(h0∗1 h0∗2 − h−∗1 h+∗2 )
[
ψ02σ
µ∂zµψ
0
2+(i/2)g2(ψ
0
2σ
µV −µ ψ
+
2 +ψ
+
2 σ
µV +µ ψ
0
2)
+ ψ+2 σ
µ∂γµψ
+
2
]]
+ h.c. (B-11)
SO7 =
i
2
αw70
[− h01h02 + h−1 h+2 ]λawσµ∆µλaw + i2αy70 [− h01h02 + h−1 h+2 ]λyσµ∂µλy + h.c.(B-12)
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where
λawσ
µ∆µλaw =
1
2
λ+wσ
µ∂µλ
+
w +
1
2
λ−wσ
µ∂µλ
−
w + λ
3
wσ
µ∂µλ3w
+ (i/2) g2
[
λ+wσ
µ(V −µ λ3w − V 3wλ+w) + λ−wσµ (V 3w λ−w − V +µ λ3w)
− λ3wσµ (−V +µ λ+w + V −µ λ−w)
]
(B-13)
Next, L2 of Section 2 gives contributions to the neutralino/chargino sectors:
L2 =
8∑
i=1
TOi (B-14)
The Susy part of this contribution contains one gaugino and one higgsino (charged or not),
while its non-Susy one contains two higgsinos (charged or not):
TO1 = α10
√
2
[
− (|h01|2 + |h−1 |2)
[
gh0∗1 λzψ
0
1 + g2 (h
0∗
1 λ
+
wψ
−
1 + h
−∗
1 λ
−
wψ
0
1)− gh−∗1 λγψ−1
]
− (h0∗1 ψ01 + h−∗1 ψ−1 )
[
gλz|h01|2 + g2 (h0∗1 λ+wh−1 + h−∗1 λ−wh01)− g|h−1 |2λγ
]]
− α∗11m0 (h0∗1 ψ01 + h−∗1 ψ−1 )2 + h.c. (B-15)
TO2 = α20
√
2
[
− (|h02|2 + |h+2 |2)
[− gh0∗2 λzψ02 + g2 (h0∗2 λ−wψ+2 + h+∗2 λ+wψ02) + gh+∗2 λγψ+2 ]
− (h0∗2 ψ02 + h+∗2 ψ+2 )
[− gλz|h02|2 + g2 (h0∗2 λ−wh+2 + h+∗2 λ+wh02) + g|h+2 |2λγ]]
− α∗21m0 (h0∗2 ψ02 + h+∗2 ψ+2 )2 + h.c. (B-16)
TO3 =
α30√
2
[
− (|h01|2 + |h−1 |2)
[− gh0∗2 λzψ02 + g2 (h0∗2 λ−wψ+2 + h+∗2 λ+wψ02) + gh+∗2 λγψ+2 ]
− (h0∗1 ψ01 + h−∗1 ψ−1 )
[− gλz|h02|2 + g2 (h0∗2 λ−wh+2 + h+∗2 λ+wh02) + g|h+2 |2λγ]
− (|h02|2 + |h+2 |2)
[
gh0∗1 λzψ
0
1 + g2 (h
0∗
1 λ
+
wψ
−
1 + h
−∗
1 λ
−
wψ
0
1)− gh−∗1 λγψ−1
]
− (h0∗2 ψ02 + h+∗2 ψ+2 )
[
gλz|h01|2 + g2 (h0∗1 λ+wh−1 + h−∗1 λ−wh01)− g|h−1 |2λγ
]
− α∗31m0 (h0∗1 ψ01 + h−∗1 ψ−1 )(h0∗2 ψ02 + h+∗2 ψ+2 ) + h.c. (B-17)
TO4 = −α∗41m0 (h0∗1 h0∗2 − h−∗1 h+∗2 )(ψ01 ψ02 − ψ−1 ψ+2 ) + h.c. (B-18)
TO5 =
α50√
2
[
(h01 h
0
2 − h−1 h+2 )
[
gh0∗1 λzψ
0
1 + g2 (h
0∗
1 λ
+
wψ
−
1 + h
−∗
1 λ
−
wψ
0
1)− gh−∗1 λγψ−1 + h.c.
]
+
[
g λz |h01|2 + g2 (h0∗1 λ+wh−1 + h−∗1 λ−wh01)− gλγ |h−1 |2
]
(ψ01 h
0
2 + h
0
1ψ
0
2 − ψ−1 h+2 − h−1 ψ+2 )
]
+ α∗51m0
[
(h0∗1 ψ
0
1 + h
−∗
1 ψ
−
1 )(ψ
0
1 h
0
2 + h
0
1ψ
0
2 − ψ−1 h+2 − h−1 ψ+2 )
+ (|h01|2 + |h−1 |2)(ψ01ψ02 − ψ−1 ψ+2 )
]
+ h.c. (B-19)
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TO6 =
α60√
2
[
(h01 h
0
2 − h−1 h+2 )
[− gh0∗2 λzψ02 + g2 (h0∗2 λ−wψ+2 + h+∗2 λ+wψ02) + gh+∗2 λγψ+2 +h.c]
+
[− gλz |h02|2+g2(h0∗2 λ−wh+2 +h+∗2 λ+wh02) + gλγ |h+2 |2] (ψ01h02 + h01ψ02 − ψ−1 h+2 − h−1 ψ+2 )]
+ α∗61m0
[
(h0∗2 ψ
0
2 + h
+∗
2 ψ
+
2 )(ψ
0
1 h
0
2 + h
0
1ψ
0
2 − ψ−1 h+2 − h−1 ψ+2 )
+ (|h02|2 + |h+2 |2)(ψ01ψ02 − ψ−1 ψ+2 )
]
+ h.c. (B-20)
TO7 = −
1
4
αw71m0 (h
0
1 h
0
2 − h−1 h+2 )(λ3wλ3w+λ+wλ−w)−
1
4
αy71m0 (h
0
1 h
0
2 − h−1 h+2 )λyλy+h.c.(B-21)
TO8 = −2α∗81m0(h01 h02 − h−1 h+2 )(ψ01ψ02 − ψ−1 ψ+2 ) + h.c. (B-22)
TK0 = −ζ10
[
2(h01h
0
2−h−1 h+2 )(ψ01ψ02−ψ−1 ψ+2 )+(ψ01 h02+h01ψ02−ψ−1 h+2 −h−1 ψ+2 )2
]
+h.c. (B-23)
gλz ≡ g2λ3w − g1λy
gλγ ≡ gλ3w + g1λy (B-24)
Finally, L3 contains some four-chargino, four-neutralino as well as two-chargino-two-neutralino
interaction terms:
L3 ⊃ −α10(ψ01ψ01 + ψ−1 ψ−1 )2 − α20(ψ02ψ02 + ψ+2 ψ+2 )2
− α30(ψ01ψ01 + ψ−1 ψ−1 )(ψ02ψ02 + ψ+2 ψ+2 ) + α40(ψ01ψ02 − ψ−1 ψ+2 )(ψ01ψ02 − ψ−1 ψ+2 )
+
{
1/(2
√
2)αw70
[
(ψ01h
0
2−ψ−1 h+2 +h01ψ02−h−1 ψ+2 )σµνλawF aw,µν+(ψ01ψ02−ψ−1 ψ+2 )(λ3wλ3w+λ+wλ−w)
]
+ 1/(2
√
2)αy70
[
(ψ01h
0
2 − ψ−1 h+2 + h01ψ02 − h−1 ψ+2 )σµνλyFµν+(ψ01ψ02 − ψ−1 ψ+2 )(λyλy)
]
+ h.c.
}
(B-25)
where a is an SU(2) index.
In applications not all operators are necessarily present. Depending on the cases con-
sidered, one can have only a subset of operators Oi,K0 or just one of them, in which case
the neutralino/chargino Lagrangian corrections of order 1/M2 simplify considerably. The La-
grangian in the neutralino/chargino sectors is then obtained, for each operator Oj , by adding
its contributions (identified by αjk), from eqs.(B-3), (B-4), (B-6), (B-14), (B-25), plus the
MSSM part.
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C Chargino mass corrections from effective operators.
We use the notations:
mw =
g2v
2
; ϕ =
[
m22 + µ
2 + 2m2w
]2 − 4[m2µ+m2w sin 2β]2; αrij = αij + α∗ij2
λ˜± ≡ 1√
2
(λ1w ∓ iλ2w); ψ1 =
(
ψ01
ψ−
)
, ψ2 =
(
ψ+
ψ02
)
; ψ1.ψ2 = ψ
0
1ψ
0
2 − ψ−1 ψ+2 (C-1)
The results for the chargino masses are:
m2
χ˜+
1,2
= m2
χ˜+
1,2,MSSM
+ δm2
χ˜+
1,2
(K0) +
∑
i
δm2
χ˜+
1,2
(Oi) (C-2)
where i = 1, .., 8 and m2
χ˜+
1,2, MSSM
= (1/2)
[
m22 + µ
2+ 2m2w ∓
√
ϕ
]
is the MSSM chargino mass
with “−” for the lighter chargino χ˜+1 and “+” for the heavier χ˜+2 . Also:
δm2
χ˜+
1,2
(O1) = ± 1
2
√
ϕ
α10 v
2 cos2 β
[−m22µ2 + µ4 ∓ µ2√ϕ+ 2m2w(m22 + 2µ2 ∓√ϕ) cos2 β
+ 4m4w cos
4 β − 8m2µm2w cos β sin β + 2µ2m2w sin2 β −m4w sin2 2β
]
δm2
χ˜+
1,2
(O2) = δm2χ˜+
1,2
(O1)[α10 → α20, β → π/2− β]
δm2
χ˜+
1,2
(O3) = ∓α30 v
2
8
√
ϕ
[
2m22µ
2 − 2µ4 −m22m2w − 5µ2m2w ± 2µ2
√
ϕ±m2w
√
ϕ
+ m2w
(
m22 + µ
2 ∓√ϕ) cos 4β + 8m2µm2w sin 2β]
δm2
χ˜+
1,2
(O4) = ±α
r
41m0 v
2 sin 2β
4
√
ϕ
[
µ
(
m22−µ2−2m2w ±
√
ϕ
)
+2m2m
2
w sin 2β
]
+ 2δm2O3 [α30→α40]
δm2
χ˜+
1,2
(O5) = ∓α
r
51 v
2 cos β
2
√
ϕ
[
m0µ
(
m22 − µ2 − 2m2w ±
√
ϕ
)
cos β + 4m0m2m
2
w cos
2 β sinβ
]
∓ α
r
50 v
2 cosβ
2
√
ϕ
[− 2m2µm2w cos3 β + 2m2w(2m22 + 4µ2 −m2w ∓ 2√ϕ) cos2 β sin β
+ 4m4w cos
4 β sin β + 2m4w cos
2 β cos 2β sin β − 2µ sin β[µ(m22 − µ2 ±√ϕ)
+ m2w sinβ(7m2 cos β − 2µ sin β)
]]
δm2
χ˜+
1,2
(O6) = δm2χ˜+
1,2
(O5)[α50 → α60, α51 → α61, β → π/2− β]
δm2
χ˜+
1,2
(Ow7 ) = ±
αr71w v
2
8
√
ϕ
[
m0µm
2
w−m0µm2w cos 4β+m0m2
(−m22+µ2−2m2w ±√ϕ) sin 2β]
± α
r
70w v
2
8
√
ϕ
[
2m2µ
(
m22−µ2+4m2w∓
√
ϕ
)± 2(m22+m2w)√ϕ sin 2β−2m4w cos 4β sin 2β
− 4m2µm2w cos 4β − 2
[
m22(m2 − µ)(m2 + µ) + 3
(
m22 + µ
2
)
m2w +m
4
w
]
sin 2β
]
(C-3)
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δm2
χ˜+
1,2
(O8) = ± α
r
81
2
√
ϕ
m0v
2 sin 2β
[
µ
(
m22 − µ2 − 2m2w ±
√
ϕ
)
+ 2m2m
2
w sin 2β
]
δm2
χ˜+
1,2
(K0) = ±v
2ζ10 sin 2β
2
√
ϕ
[
µ
(
m22 − µ2 − 2m2w ±
√
ϕ
)
+ 2m2m
2
w sin 2β
]
± v
4ζ210 sin
2 2β
8ϕ3/2
[
2m42µ
2 − 4m22µ4 + 2µ6 − 8m22µ2m2w + 8µ4m2w
+ 4m22m
4
w + 8µ
2m4w +m
2
2ϕ− 3µ2ϕ− 2m2wϕ± ϕ3/2 − 4m22m4w cos 4β
+ 8m2 µm
2
w
(
m22 − µ2 − 2m2w
)
sin 2β
]
(C-4)
where the upper (lower) signs correspond to the lighter (heavier) chargino χ˜+1 (χ˜
+
2 ), respec-
tively.
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